The absence of marked lowering of pH with old -chronic caries, and of any red coloration under sound fillings, when compared with the marked reaction in active caries, fits the clinical picture. Work carried out at the Birmingham School, and in other parts of the world, has shown that the dentine underlying fillings is by no means always sterile. The absence of any area of low pH under ,sound fillings suggests that the sealing off of -organisms from mouth fluids and food substrate inhibits acid formation, even though organisms themselves may be present and viable. Support to this hypothesis is given by the observation that in unsound fillings with a leak between the filling and the teeth where mouth fluid and food substrate ,can reach, marked red coloration indicating an area of low pH is found.
Earlier work on the relationship of organisms -to softening in the dentine (MacGregor et al. 1956 , Whitehead et al. 1960 suggested that in the -majority of carious teeth the softening of the -dentine appears to precede the organisms associated with it. Support to this hypothesis is given by the experiments described, in which softened -dentine was removed before the application of indicator. Since the area of low pH appeared to be present in front of softened dentine which had -been removed, in many cases with few, if any, -organisms present in the area of low pH, the association of a low pH with the area of softening in advance of the main body of organisms is at least suggestive that the low pH and softening are linked. The observation that in teeth with early -caries, where the enamel had been breached and -showed a low pH, the marked altered tract in the -dentine that could be seen with the naked eye was free of organisms and did not show any lowering -of pH, is of considerable interest. It is clear from -this that some alteration of the dentine underlying :an early carious lesion can take place before the -entry of organisms, though the mechanism by -which this starts is not clear, and much further -work is necessary on this point.
The indicator technique described is by no means a precise one, and the change in indicator ,colour may well be due to the presence of an acid -salt rather than free acid itself. The fact that altered enamel and dentine show this colour .change suggests, however, that acid must be associated with the carious process for an acid -salt to be present. It is unlikely that dentine matrix or enamel matrix can give rise to a colour ,change in the indicator without an acid salt being present, since artificially prepared dentine matrix itself gives no indicator change, apart from the fact that carious enamel with a far lower organic matrix content than the dentine gives a more strongly acid reaction to indicators than the dentine itself.
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In addition, there are oral abnormalities which have been reported often enough to be regarded as characteristic of the disease and indeed their development can be linked with the general pathology.
The purpose of this paper is to report a case of gargoylism and to discuss the pathology and oral findings.
Case Report
A boy, whose parents were first cousins, was noticed at the age of 7 months to have facies suggestive of gargoylism and to have nasal congestion and kyphosis. At the age of 5, the following clinical features also characteristic of gargoylism were apparent: the patient was a dwarf, severely mentally retarded and molar in what appears to be a cystic cavity. The changes on the opposite side were exactly similar had a limited vocabulary of monosyllabic words; he was able to walk with support, but incontinent of urine and faeces. Head large, circumference 21 in. (normal average for a child of 10, Myers 1926) . Face broad, eyes widely spaced, bridge of nose depressed, nostrils wide, jowls and lower jaw heavy, mouth wide, tongue large and protruding. Facial hair abnormally thick. Opacities in corneas, nasal congestion. Tonsils swollen and unhealthy. Neck short; general build heavy, with protuberant abdomen. Liver and, to a lesser extent, spleen enlarged; umbilical hernia. Lumbar kyphosis; limbs poorly developed; fingers short and broad, held in a semi-flexed, claw-like posture because they could not be extended fully. Legs spindly, genu valgum.
The first tooth had erupted at 8 months; the gums had since become progressively swollen and thickened until the teeth were almost completely buried. The gums had become spongy and inflamed so that pus could be expressed from the gingival margins. The inflammatory changes had partly subsided following local treatment but the gums remained hypertrophied. At the age of 7 the child seemed to be having pain from his teeth. The deciduous teeth, apart from the second molars, were present but no permanent teeth had erupted; there was little caries but the mouth was difficult to examine as the patient was continually writhing about. X-rays revealed what appeared to be bilateral dentigerous cysts involving the first permanent molars (Fig 1) , which were in close relation to the lower border of the mandible. The second deciduous molars were also unerupted and were in a disto-angular position; the space between these crowns and their crypts was increased. In addition, there were two unerupted, conical teeth in front of the lower second premolars.
Clinically there was no obvious source of the pain and the 'cyst' seemed to be the most likely cause. At operation, however, the radiolucent area was found to be filled with dense fibrous tissue in which the unerupted teeth were buried. This tissue was conspicuously paler than the surrounding connective tissue, being almost dead white. The teeth showed no nakedeye abnormality.
Removal of the mass left a large cavity in the mandible and the impossibility of keeping the cavity dressed made closure unavoidable. Contrary to expectations, healing was abnormally rapid. Within ten days there was virtually no sign in the mouth of the operation and the child seemed comfortable. Six months later the patient was again having pain so that it was decided to excise the fibrous mass in the left mandible. This was followed by the same rapid healing as before and there was no change in the patient's general condition.
Five months after this second operation the patient died from respiratory infection in another hospital.
Histology (Figs 2 & 3):
The connective tissue mass surrounding the buried first molars consisted of collagenous connective tissue containing epithelial rests of varying size, some of them much enlarged. The collagen fibres were separated by strongly basophil mucoid material which in some areas was the predominant element. The mucoid material had a granular texture and contained many clear, rounded spaces. The groups of epithelial cells were distended and also showed varying degrees of vacuolation.
The overlying gingival tissue showed a greatly thickened corium with similar coarse, irregular bundles of collagen interspersed by mucoid material and conspicuous cells resembling mast-cels, mainly just beneath the epithelium and filled with densely staining metachromatic granules. The mucoid material showed strong (gamma) metachromasia to toluidine blue and to other stains; it stained well with acid alcian blue and showed the general staining characteristics of the acid mucopolysaccharides. Little stainable material remained within the epithelial cells apart from some traces positive to the periodic-acid-Schiff stain and which could, therefore, also be considered as polysaccharide in nature but of a different type from that in the connective tissue.
The main histological features were therefore that the connective tissues were hyperplastic and interspersed with large amounts of acid mucopolysaccharide while the epithelial rests had been distended by material which had largely been lost in the processing.
DISCUSSION
Gargoylism is, perhaps surprisingly, one of the more frequent causes of generalized osteodystrophy. In his wide experience, Caffey (1952) finds that only achondroplasia and osteogenesis imperfecta are more common. Caffey also suggests that although over 200 cases had been reported during the previous twenty years, the disease is much commoner than the records suggest and that it must frequently have escaped recognition.
The earliest report of the disease was given by Hunter (1917) , but the first detailed description of two typical cases was that by Hurler (1919) who recorded many of the main oral abnormalities. The first analytical study of a group of cases, which established the essential features of the disease, was by Ellis et al. (1936) who also emphasized the oral changes. The many subsequent papers are mostly concerned with specific aspects of the disease, which has been found to be of interest to virtually all branches of medicine. Lorincz (1960) described a disease of cattle, a heritable disorder of acid mucopolysaccharide metabolism, which has so many features in common with gargoylism that there seems little doubt that it is the same disorder.
Pathology
The materials filling the affected cells in gargoylism have been extensively investigated. Brante (1952) initiated the chemical analysis of fresh, frozen tissue and was able to show that the storage substance was essentially mucopolysaccharide. Gargoylism is not, however, related to the recognized storage diseases; the reticulo-endothelial system is not especially affected and many organs may appear normal. Brante (1952) in fact considered that the underlying disorder was a congenital enzyme disturbance and it is now fairly generally accepted that the disorder is a genetically determined 'enzymopathy'.
The widespread connective tissue changes were pointed out by Strauss (1948) . Uzman (1955) suggested that the involvement of tissue of mesenchymal origin might indicate an underlying inability to metabolize structural polysaccharides in relation to the normal demands of growth and differentiation, and that this in turn led to the various abnormalities.
Gargoylism has strong familial tendencies and two modes of inheritance have been described:
(1) By a single autosomal recessive gene, as described by Halperin & Curtis (1942) who found the incidence of parental consanguinity to be over 5%.
(2) By a sex-linked recessive gene (as in himophilia); several families in which the disorder has recurred among the male members of two or more generations have been described by Nja (1946 ), Millman & Whittick (1952 and Cunningham (1954) .
Gargoylism with its obvious resemblances to cretinism, was at one time thought to be an endocrine disturbance, but the thyroid and other glands show no relevant or consistent abnormality and the diverse features of the disease cannot be correlated with any known type of endocrine dysfunction.
Gargoylism is not usually obvious clinically until the age of about 1 year. By 12 to 18 months the typical facial appearance, the enlargement of liver and spleen, the mental defect and the corneal opacities are usually easily recognizable.
Once signs of the disease have become obvious, these children usually develop little, then gradually deteriorate. The pathological changes progress, and death follows in most cases at about 10 to 12 years from the effects of the disease on the cardiovascular system or on the respiratory tract. Lindsay (1950) , however, described a patient who died of cardiac failure at 4j months, while at the other extreme a few patients have been described who had survived into the third decade. These older patients, as might be expected, lack many of the characteristic features of gargoylism. These points about the course of the disease indicate that the effects on the oral tissues, particularly the developing teeth, will vary according to the severity of the disease at the time of their early formation when they are most vulnerable.
The Skeletal Changes A characteristic feature of gargoylism is the uneven distribution of the skeletal changes; indeed, a bone may be severely affected at one end and normal at the other (Caffey 1952) . In general the skull, spine, upper extremities and ribs are severely affected while the lower extremities are much less involved.
The skull is enlarged, of abnormal form (typically dolichocephalic), and the forehead is prominent with heavy supra-orbital ridges. The sella turcica is shallow, elongated and 'J' shapeda feature regarded by some as virtually diagnostic.
The spine usually shows angular kyphosis due to hypoplasia of L. 1 or L.2.
Most characteristic of gargoylism are the changes, described by Caffey (1952) affecting the long bones, particularly those of the arms in which the shafts are swollen at one or more levels but are constricted at the ends to give the bone a bizarre, squared or sausage shape. The metacarpals often show similar changes so that they may be roughly bottle-shaped. This extraordinary variation in the girth of the shafts of the bones is the most important single feature in the radiological diagnosis of gargoylism and, when present, sharply differentiates it from any other osteodystrophy.
In addition to these changes in the form of the bones, the development of the skeleton is delayed and dwarfism is present in all but the mildest cases. Thus, in the case reported here, there was hardly any growth of the spine and skull between the ages of 3 and 6 years. The histological features of the disordered bone formation have been described by Strauss (1948) , Lindsay et al. (1948) , Nisbet & Cupit (1954) and Dawson (1954) .
The Oral Changes An attempt has been made to assess the frequency of the oral abnormalities of gargoylism by reviewing some 140 previously reported cases. In 28 of these, however, no oral features were described and in many of the rest little attention was paid to the oral cavity because the reports either are brief or are concerned with specific aspects of the disease such as the neurological, genetic or biochemical features. Nevertheless, those workers who have made a detailed general examination of gargoyle patients have reported a high frequency of oral abnormalities of the type to be described. Such facts as emerge from the reports are as follows:
The form of the mandible: The mandible is broad and often so thickened as to be described as 'massive' (e.g. Ellis et al. 1936 , Engel 1939 , Cole et al. 1952 . The rami are short and the angle obtuse (Kressler & Aegerter 1938) ; , who described 18 gargoyle patients in detail, noticed these features in 'most patients'. The jaw, though heavy, is not usually protrusive and, as in the cases reported by Hurler (1919) , Jackson (1951) and Caffey (1952) , seven in all, the chin is often receding.
The tongue is almost invariably grossly enlarged and this must play an important part in determining the form of the jaw.
The time of eruption of the first tooth or information about the rate of eruption is given in 41 reports and teething was delayed to the first year or later in 13 cases. In a case reported by Townsend Coles (1955) teething began at 2 years while in another described by Caffey (1952) none of the teeth had appeared at this age. In a patient described by Kressler & Aegerter (1938) teething did not begin until 4 years. It would seem that teething is delayed in at least 50% of gargoyle patients as suggested by Henderson (1940) .
Abnormalform of the teeth: The appearance of the teeth is mentioned in 44 cases. Of these the teeth are described as 'peg-shaped', pointed or small in 29 and as showing various other abnormalities in 13 other cases. Ellis et al. (1936) described the teeth of two of their patients as 'massive'. In 2 cases described by Cordes & Hogan (1942) and by Lindsay et al. (1948) , the teeth in addition to being peg-shaped were different in size and shape from those on the opposite side of the mouth. In 9 cases the structure of the teeth was described as defective or hypoplastic. Though no pictures of these abnormally shaped teeth have apparently been published, it is possible that the unerupted conical teeth shown in Fig 1 are examples of this abnormality.
Arrangement of the teeth: This is mentioned in 54 cases: the teeth were widely spaced in 46, 'poorly' or 'abnormally' spaced in 4 and irregular in 4 other cases. in fact found that 9 out of 11 gargoyles that they examined had widely spaced, peg-shaped teeth. Engel (1939) describes the teeth of his gargoyle patients as being partly 'in two rows'.
Gingival hyperplasia: The gingival condition is specifically mentioned in only 12 reports and in these the gingivm were described as hyperplastic, hypertrophic or broad and thick. Hurler (1919) in fact described the gums of her two patients as 'enormously broad'. In addition, Gillespie & Siegling (1940) described the teeth in their patient as 'poorly erupted' and the gums as 'knotty and ridged', while Nisbet & Cupit (1954) describe the teeth of their patient as projecting only slightly from the gums. It would appear then that gingival hyperplasia was probably also present in these cases. Craig (1954) described 2 gargoyle patients with gross gingival hyperplasia but considered it to be an unusual feature. Nevertheless, Cordes & Hogan (1942) and Gilbert & Guin (1958) describe gingival hyperplasia as a characteristic feature of gargoylism and in at least two other reports gross gingival hyperplasia is apparent in the illustrations though it is not mentioned.
That the changes of gargoylism are not unrelated to other oral disease is shown by Rushton (1957) who pointed out that a prominent feature of the histology of idiopathic gingival hyperplasia was the accumulation of mucoid material among the collagen fibres. Delayed eruption of the teeth and the presence of hypertrichosis may also be common to both disorders while the frequently expressed but otherwise unsubstantiated association between gingival hyperplasia and feeble-mindedness is clearly present in gargoylism.
